Methods: Eleven knees with stable patellae and thirteen with unstable patellae in patients with Down syndrome were compared. Radiographs were produced to evaluate patellar height, trochlear angle and femoropatellar congruence angle.
Introduction
Femoropatellar instability is a frequently occurring pathological condition and is linked with predisposing factors in most of the patients. Among these, dysplasia of the femoral trochlea and the height of the patella are considered to be the most important predisposing factors. 1 Uncertainties remain with regard to understanding the etiopathogenesis of these factors, especially dysplasia of the trochlea. There is doubt concerning whether the dysplasia is the cause or the consequence. Thus, it is asked whether a congenital abnormality would lead to femoral dysplasia characterized by a less deep trochlea, which would favor instability, or whether muscle abnormalities would cause the patella to have an abnormal course, thereby reducing the femoropatellar pressure and giving rise to incorrect stimulus during the anatomical development of the trochlea, such that it would become flatter, with consequent progression to instability.
To understand these factors better, they need to be studied and analyzed in patients with early femoropatellar instability, i.e. in children while they are growing, which makes it possible to observe the development of the femoral trochlea.
Among individuals with Down syndrome, there are patients with severe femoropatellar instability together with early dislocation of the patella. 2 This peculiarity of this group of patients makes it possible to analyze the development of the femoral trochlea concomitantly with the reduction in stimulation resulting from the presence of the patella in the femoropatellar joint, in situations of early dislocation of the patella. This makes it possible to compare this development with that of patients with Down syndrome in whom femoropatellar instability is not present. In addition to the development of the trochlea, the height of the patella can be studied. This factor relates to the quadriceps muscle, since it affects the degree of flexion of the knee to which the patella is jointed with the trochlea, and also influences the stimulation of development of greater or lesser trochlear depth.
The aim of this study was to analyze the depth of the trochlea and height of the patella (predisposing factors) in patients with Down syndrome with femoropatellar instability and compare these with the occurrence of these factors in patients with Down syndrome without femoropatellar instability.
Materials and methods
This study was approved by the Research Ethics Committee under no. 175/2010. All the patients received a free and informed consent statement.
We studied 12 patients with Down syndrome aged over 12 years who had never undergone any interventions in the knees.
We had six male and six female patients. Their mean age was 16.4 years, with a range from six to 36 years (Table 1) .
We evaluated femoropatellar instability according to clinical and radiographic criteria. The radiographic measurements were made twice, with a one-week interval between them, by the same evaluator.
Clinically, we used the Dugdale and Renshaw classification system to determine whether instability was present. 2 This divides femoropatellar instability in patients with Down syndrome into five grades, such that grade I is stable and grades II and onwards are unstable, and the higher the grade is, the greater the severity of the instability is.
From this sample, we obtained 11 knees with stable patellae and 13 with unstable patellae.
We radiographically studied the knees individually in accordance with the radiological instability criteria. For all 24 knees, we used the frontal radiographic view and the absolute and axial lateral views in the Merchant position, flexed at 45 • . 1, 3, 4 The following were measured on all the radiographs on these patients: the height of the patella, in accordance with the method of Caton and Deschamps, 5, 6 the trochlear groove angle, in accordance with the method described by Merchant; and the patellar congruence angle. This last measurement was made between the line bisecting the trochlear groove angle and the line going from the vertex of the trochlear angle to the eminence or crest between the patellar facets ( Fig. 1) .
In evaluating the height of the patella on the lateral radiograph of the knee, we considered the patella to be high when the ratio between the distance from the anterior border of the tibia to the lower center of the joint face of the patella and the measurement of the joint surface was greater than 1.2 ( Fig. 2) .
In evaluating the trochlear groove angle, we considered the trochlea to be flat when the angle was greater than 150 • .
In evaluating the patellar congruence angle, we considered that lateral subluxation greater than 11 • or complete dislocation represented positive or altered values. 
Results
From the clinical criteria according to the Dugdale classification, 11 knees were stable and 13 were unstable (grade II or higher). Among the unstable knees, eight presented subluxated patellae, three presented reducible dislocated patellae and two had irreducible patellae.
From the radiographic evaluation, a high patella was identified in three knees. The trochlear groove was altered in four knees and the patellar congruence angle was altered in 13 knees (Fig. 3) . Table 2 presents the results and correlates the instability according to clinical and radiographic criteria.
The prevalence ratio is a measurement that makes it possible to estimate the strength of association between the exposure (in this case, the presence of instability) and the disease or abnormality studied (in this case, the radiographic alterations).
The prevalence ratio of high patellae between the unstable and stable patients was 0.68, using the Caton-Deschamps index. No prevalence ratio could be calculated for increased trochlear groove angle, because this only occurred in the unstable patients. The prevalence ratio for the congruence angle was 2.04.
Trochlear dysplasia was only found in patients presenting instability (four knees).
Discussion
Down syndrome is one of the commonest disorders of genetic origin in humans. It affects between 1:1000 and 1:700 live births. It consists of trisomy of chromosome 21 and can also occur due to Robertsonian translocation. 7 Orthopedic disorders are frequently observed in the spine (atlantoaxial instability and scoliosis), feet, hips (instability and sliding of the proximal femoral epiphysis) and knees (valgus knee and femoropatellar instability). These alterations are due to muscle disorders (hypotonia) and ligament laxity, which are common in this syndrome. Knee problems are seen in 30% to 40% of these patients. 7 We consider that the age range of our patients was a limitation of our study, in which the mean was 16.4 years and the range was from six to 36 years. Studying the patients with Down syndrome is always difficult, especially when the individual is asymptomatic or has few symptoms of the pathological condition in question, given that the patients and their families are resistant to excessive medical attention. We studied 12 patients who had never had any medical attention for their orthopedic problems. Initially, we limited our inclusion criterion to patients aged under 14 years, but this was seen to be insufficient for obtaining an adequate sample. Therefore, we decided to also include patients over the age of 14 years.
Furthermore, we only used simple radiographs in our evaluation, because the patients had never undergone tomography, although the latter is considered to be the best examination for estimating the Q angle (by means of TA-GT) and rotational displacement of the limb. Since many patients presented high fat distribution to the thighs, we chose not to include a clinical measurement of the Q angle because of the low reliability of this analysis.
In order to define the presence of instability, we used the Dugdale and Renshaw classification, 2 because this is classical for patients with Down syndrome presenting femoropatellar instability. In this manner, we selected 13 knees with femoropatellar instability that had been diagnosed clinically in accordance with the Dugdale criteria and we compared these with 11 knees that according to the same methodology did not present any femoropatellar instability, even though they were the knees of patients with Down syndrome. We chose to categorize our data analysis between knees with and without instability, since this analysis is more reliable than a classification of instability into several grades and also strengthens the data analysis in a sample of more restricted size. The radiographic criteria were chosen and limited to three positions. The three indices evaluated were based on the study by Dejour et al., 1 with the aim of establishing the presence of objective signs of femoropatellar instability. During the study, we attempted to evaluate the depth of the trochlea on radiographs in absolute lateral view, but we only considered these measurements to be adequate in three patients and preferred to disregard this measurement of instability in the present study. Individuals with Down syndrome often do not cooperate during examinations and several radiographs may need to be produced in order to obtain one that is good enough for analysis. Increasing the number of radiographic views significantly complicates the study and exposes the patients to additional radiation. With regard to complementary examinations, we chose not to perform computed tomography because of the radiation exposure, given that these patients are frequently exposed to multiple examinations over their lifetimes. We chose not to perform magnetic resonance examinations because a large proportion of the patients would need to be sedated.
In our results, we observed that the patellar height (a femoropatellar instability index that is considered to be very important among patients without Down syndrome) was not useful as a criterion for instability here, given that among the nine knees with abnormal patellar height, five were stable. The patellar height evaluation method using the joint surface (Caton-Deschamps) was chosen because this presents results that are more reliable and have better correlation between the evaluators. 8 Initially, we imagined that this might have been a problem consequent to the measurement method chosen (Caton-Deschamps) and therefore we repeated the patellar height measurements using the Insall-Salvati method. 9 In this second measurement, we found that 22 knees presented a patella that was considered high, and ten were in patients in the group that was considered to be stable. This corroborated the finding that the patellar height is not an appropriate measurement for indicating femoropatellar instability in patients with Down syndrome. The prevalence ratio for high patella between the unstable and stable patients was only 1.01 according to the Insall-Salvati index.
Barnett et al. 10 analyzed patellar height in magnetic resonance imaging examinations on completely extended knees, among 29 patients with trochlear dysplasia in association with patellar instability. They observed that there was no relationship between high patella and instability. We believe that muscle alterations relating to Down syndrome may be responsible for retraction of the quadriceps, which would cause a high patella in most patients, even in individuals who do not present femoropatellar instability.
The patellar congruence angle was positive for instability in nine of the 13 unstable knees and in four of the stable knees, which demonstrates that this measurement presents a higher prevalence ratio (2.04) in situations of femoropatellar instability.
The measurements defining the depth of the trochlea were clearly positive for femoropatellar instability in the patients whose patellae had become dislocated and subluxated. Among the four knees with alterations of the femoral trochlear angle, all of them were unstable.
The prevalence ratio calculations in the present study demonstrated that the prevalence of altered congruence angles in patients with patellar instability was 2.04 times greater than in stable patients. The prevalence ratio is a more conservative measurement than the odds ratio. 11 Since this was a cross-sectional study and not a prospective case-control study, we chose to use prevalence ratios. Odds ratio calculations on our sample would result in values of 1.2 and 0.53 for the patellar height according to the Insall-Salvati and Caton-Deschamps indices and 6.75 for alterations of the congruence angle. These data reinforce our understanding that the height of the patella is not a reliable index for assessing patellar instability among patients with Down syndrome, whereas the patellar congruence angle is relevant among these patients, as is the groove angle, which was found to be altered only in unstable knees.
We believe that absence of the patella in the femoral trochlea impeded formation of the trochlear groove. This is suggested from the observation that patients without instability who presented Down syndromes had normal trochlear depths. Studies using magnetic resonance imaging have demonstrated that patients with non-traumatic patellar instability have high prevalence of trochleae with lateral condyle inclinations less than 11 • . 12, 13 In our view, this means that the trochlea is shallower when there is less demand for the presence of the patella, thereby giving rise to larger angles. The presence of the patella aligned on the trochlear groove is what determines its depth and normal shape.
Dejour et al. 14 believed that trochlear dysplasia was a congenital alteration that would be a predisposing factor favoring femoropatellar instability. If this were so, trochlear dysplasia might be found in young patients who had not developed instability, which was not seen in the sample studied here. In our view, trochlear dysplasia cannot be taken to be congenital, at least in patients with Down syndrome.
Finally, it needs to be borne in mind that the osteoarticular alterations seen in Down syndrome are generally multiple and that care is required in transposing these observations to patients without Down syndrome.
Conclusion
From the sample studied, the findings suggest that trochlear dysplasia is not congenital, but develops as a result of patellar instability.
The radiographic measurements on the femoral trochlear depth showed that the trochlea was at more than 150 • (flat) only in cases of instability.
Basic radiographic measurements, such as measurements of the trochlear groove angle, correlated with the femoropatellar instability.
